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Oxydant injury is considered to be an important
mechanism in the pathophysiology of acute renal
failure. It has been thought that decrease in extra-
cellular and intracellular fluid and endotoxemia
seen in obstructive jaundice may cause an increase
in production of oxygen free radicals and impair-
ment in antioxydant defense mechanism. This study
is designed to investigate the possible role of
oxydant injury in renal failure seen in jaundiced
patients. In this study, 28 rats were divided into four
groups: Control(C) (N=7); Renal ischemia (RI) (N=7);
Obstructive jaundice+renal ischemia (OJ+RI) (N=7);
Obstructive jaundice (OJ) (N=7). All groups were
compared with each other according to renal failure
findings and enzyme activities, such as Xanthine
oxidase (XOD), Superoxide Dismutase (SOD) and
Catalase in renal cortex and Glutathione Peroxidase
(GSH-Px), in blood at 3rd day after ischemia and
reperfusion. Renal failure findings monitored by
blood urea and creatinine levels, seemed more
evident in OJ+RI than RI group (p<0.05). When
compared with RI, in OJ+RI group, increase in XOD
activity at 3rd day was statistically significant [0.259
+0.01 U/g (tissue) and 0.362+0.03 U/g (tissue)
respectively] (p <0.05). SOD and GSH-Px activities
of each ischemic group at 3rd day were decreased
compared to non-ischemic groups. This fall was
significant (p<0.05). But there was no statistical
difference between jaundiced and non-jaundiced
groups. Alterations in catalase activities also had no
statistical significance.
These findings may suggest that the injury
induced by oxygen free radicals at re-oxygenation
of tissue after ischemia may also play a role in the
pathogenesis of acute renal failure developed in
obstructive jaundice.
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free radical, Xanthine Oxidase, Superoxide Dismutase,
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INTRODUCTION
Acute renal failure (ARF) developed after ob-
structive jaundice continues to be a significant
challenge, involving 6-18% of patients and
associated with high mortality (25 100 %) [1, 2].
Ethiological factors ofARF seen in extrahepatic
cholestasis are as follows; nephrotoxicity, hae-
modynamic changes, endotoxemia, enhanced
prostaglandins and renal vascular reactivity
Correspondence to: SERDAR YOCEYAR, Turunlu sok., Uur apt., No: 23/A, D:25, Merter, 34010 Istanbul-Turkey.
387388 S. YOCEYAR et al.
[1- 7]. In this respect, bile salts [8], lactulose [8],
antibiotics [2], inhibition of production of pro-
staglandins [4, 9], the preoperative drainage of
bile [2], mannitol [10], and dopamine [11] have
been used for the prevention of ARF in various
clinical and experimental studies.
It hasbeenshown that oxygen free radicals play
an important role in the pathophysiology of ARF
developing after renal ischemia in experimental
models [12-16]. We thought that the oxidants
may also play a role in the development of renal
failure in jaundiced rats by the stimulating effect
of endotoxin through the lipoxygenase pathway
of arachidonic acid metabolism [17,18], the
decrease of antioxydant enzyme activities in
volume depletion [16], the disturbances in body-
water compartments in jaundiced patients [10],
the increases of reactive oxygen species in
jaundice [19, 20], and the role of decrease of
antioxidant defenses in liver injury in jaundiced
rats [21]. We aimed to design this study to
compare the activities of antioxidant enzymes
[superoxide dsmutase (SOD) and catalase (CAT)]
in the renal cortical tissue and Glutathione
peroxidase (GSH-Px) in whole-blood and xan-
thine oxidase in renal cortical tissue following
renal ischemia/reperfusion in jaundiced and
non-jaundiced rats.
all groups. Vertical midline incisions were
performed and the common bile duct was ligated
and divided at the extrapancreatic portion of the
duct to create the jaundiced group (n=14 rats).
Laparotomies were done in 7 randomly selected
rats from the jaundiced group on day 7 and 7
non-jaundiced rats. Left and right renal pedicles
were clamped for 30 minutes to create complete
renal ischemia. The clamps were then removed
and the abdominal incision was closed. The
group OJ on day 7, the group C and the groups
of RI and OJ+RI three days after the ischemia
were sacrified by taking whole body blood from
the heart by puncture under general anesthesia.
The blood samples were taken into standard
heparin solution (1/1) for the activity of glu-
tathione peroxidase. The left and right kidneys of
each rat were removed in all groups and kept
with iced 0,9 % NaC1 solution for short time. A
portion of dimension 0,5 x 0,5 cm of kidneys (left
or right) which contain both renal cortical and
medullar tissue were fixed in 10 % solution of
formaline for histological evaluation. The rest of
the kidney tissues were used for the measure-
ment of the enzyme activities.
MEASUREMENT OF ENZYME
ACTIVITIES
MATERIAL AND METHODS
Twenty-eight Wistar-Albino rats, weighing
190-225 g, were selected for the study. They
were fed with free access to an unrestricted
standard laboratory diet and water.
The rats were divided into four groups as
follows: Control (C) (n=7 rats), Renal ischemia/
reperfusion (RI) (n=7 rats), Obstructive jaundice+
Renal ischemia/reperfusion (OJ+RI) (n=7 rats)
and Obstructive jaundice (OJ) (n=7 rats). The rats
which died during or after the manipulations
were excluded from the study and new rats were
operated on to equalize the number of rats of each
group. Diethyl-ether was used for anesthesia in
The kidney cortical tissue was weighed and
homogenized with a Teflon-potter homogenizer
in 0,1 mol/L Tris HCL, at pH 8,1 (20 % w/v), at
4C. The homogenate was sonicated and cen-
trifuged at 100.000 x g for 30 minutes, and the
supernatant was removed and stored frozen
(-20C) for at least 24 hours before the enzyme
assay. The amount of xanthine oxidase was
determined by measuring the rate at which uric
acid was formed at 37C [22]. Superoxide
dismutase was determined by the nitroblue
tetrazolium (NBT) method [23] Catalase and
glutathione peroxidase activities were measured
by using the methods of Beers [24] and Paglia
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HISTOLOGIC EVALUATION
Following fixation in 10% formaline solution, the
samples were embedded in paraffin; Cross-
sections, 3 to 4 tm thick, were stained with
Hematoxylin and Eosin. Changes found in acute
renal failure were scored semiquantitatively. A
minimum of 100 cortical tubular profiles from at
least 10 different regions of kidney were assessed
with a 40x objective and scored for each tubulus.
The absence (0) or presence (1) of tubular cyto-
plasmic vacuolisation, cell membrane blebbing (1
or 2), tubular epithelial cell flattening (1), brush
border loss (1), interstitial edema (1), cell necrosis
(1 or 2), and tubularlumen obstruction (1 or 2) was
evaluated and an average score derived for each
specimen and group [16]. The results of groups
were crossed.
STATISTICAL ANALYSIS
For comparison among groups, one way analy-
sis of variance (ANOVA) and Turkey’s-HSD test
were performed [26]. All values are expressed as
the mean +SD. p<0,05 was considered to be
statistically significant.
RESULTS
The bilirubin levels were significantly higher in
the bile duct ligated groups than the groups with
unligated bile duct (p < 0,05). The blood urea and
creatinine levels were higher in the OJ+RI and RI
groups than non-ischemic groups (p < 0,05) and
when compared with RI, a significant difference
was also observed in OJ+Ri (p <0,05). In histo-
logic evaluation, the differences were only found
in tubular cytoplasmic vacuolisation and brush
border loss. Scoring results showed that values
of OJ+RI and RI groups were statistically
different than OJ and C groups (p < 0, 05). There
was no difference between OJ+RI and RI groups
histologically. The levels of urea, creatinine and
bilirubin and the scores of histologic evaluations
in all groups are listed in Table I.
The measurements of XOD activities were
significantly elevated in OJ+RI and RI groups in
3-day post-ischemic kidneys (p<0,05) and by
comparison of these groups, the levels of
enzyme activities in OJ+RI group were higher
than in RI groups (p < 0,05) (Fig. 1A).
The activity of SOD was significantly de-
creased in both jaundiced and non-jaundiced
groups in the 3-day post-ischemia (p < 0,05)
(Fig. 1B). A similar trend was observed in GSH-
Px activity (p <0,05) (Fig. 1C). Comparing the
groups in which the renal ischemia/reperfu-
sion were applied, there were no differences
statistically. Decreased levels of catalase activ-
ities in OJ+RI and RI groups, were not
significant (p < 0,05) Fig. 1D). The enzyme
activities of in all groups are shown in
Table II.
TABLE The levels of urea, creatinine and bilirubin in blood and the average scores of histologic findings
Groups No. of Urea (mg%) Creatinine (mg%) Bilirubin (mg%) Scores of histology
rats Mean+SD Mean 4- SD Mean 4-SD Mean 4-SD
OJ+RI (n=7) 76,85 4-12,111 1,90 4- 0,431 5,24 4- 0,952 1,45 4- 0,272
OJ (n=7) 42,42+ 4,92 0,50 4- 0,25 3,75 4- 0,982 0,56 4- 0,33
RI (n=7) 60,85 + 14,872 1,32 4- 0,452 0,45 4- 0,12 1,30 4- 0,202
C (n=7) 36,42 4- 6,90 0,37 4- 0,18 0,41 + 0,15 0 + 0
OJ (obstructive jaundice), RI (renal ischemia/reperfusion) and C (control). All values are expressed as mean + SD (standard deviation)
p < 0,05 (group OJ+RI versus all other groups)
2p > 0,05 (second and third columns; group RI versus OJ and C groups)
(fourth column; jaundiced groups versus non-jaundiced groups)
(fifth column; ischemia groups versus non-ischemic groups)
3p < 0,05 (OJ group versus C group).390 S. YOCEYAR et al.
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FIGURE A, B, C, and D The activities of xanthine
oxidase and antioxidant enzymes are presented. OJ+RI
(obstructive jaundice + renal ischemia), OJ (obstructive
jaundice), RI (renal ischemia) and C (control) groups are
determined in legends. p<0,05.
DISCUSSION
Acute renal failure (ARF) occuring in obstructive
jaundice was first reported by Clairmont and
von Haberer [27]. However, the ethiology of
this syndrome is still unclear. Cholangitis and
surgical intervention were considered to be the
inducing factors. Bilirubin, bile salts, cholesterol,
dissemineted intravascular coagulation (DIC),
impaired cardiac performance, hypotension,
hypovolemia and endotoxemia are claimed to
have role in the pathophysiology [1-4], [7].
In our study, when blood urea and creatinine
are taken into consideration, the renal failure
was greater in OJ+ RI group when compared to
RI group p < 0,05). Histological findings of renal
failure seen in both jaundiced and non-jaun-
diced ischemic groups did not show a significant
differences, whereas when compared with the
non-ischemic groups marked changes were
detected (p < 0, 05). In OJ group which was not
exposed to ischemia/reperfusion, appreciable
changes in tubuler cytoplasmic vacuolisation
and the loss of brush borders, expressed by the
score 0,56 4- 0,3, were observed when compared
to control group (p < 0,05). These observations
support the idea that, the risk of renal failure is
greater in obstructive jaundice.
It is reported that, ischemia and nephrotoxicity
are important factors in the pathogenesis of ARFTHE ROLE OF OXYGEN FREE RADICALS 391
TABLE II The levels of Xanthine oxidase and antioxidant enzyme activities
Groups and No. of XOD (O/g wt) SOD (O/wt) X 103 CAT (O/g wt) GSH-Px [O/L (blood)]
rats Mean +SD Mean 4- SD Mean 4- SD ort 4- SD
oJ 4- RI (n=7) 0,363 4- 0,031 1,55 4- 0,352 1982,1 4-156,5 15,28 4- 2,552
OJ (n=7) 0,150 4- 0,04 2,41 4- 0,33 2217,1 4- 206,8 19,43 4-1,05
RI (n=7) 0,259 4- 0,012 1,89 4- 0,112 2022,8 4- 211 15,68 4- 2,822
C (n=7) 0,074 4- 0,05 2,61 4- 0,25 2138,5 4-141,7 20,84 4- 0,83
XOD (Xanthine oxidase),SOD (superoxide dismutase), CAT (catalase), GSH-Px (Glutathione peroxidase), wt (wet tissue), OJ (obstructive jaundice),
RI (Renal ischemia/reperfusion), C (control). All values are expressed as mean + SD (standard deviation)
lp < 0,05 (OJ+RI group versus all other groups)
2p < 0,05 (second column; RI group versus and C groups)
(third and fifth columns; Ischemia groups versus non-ischemia groups).
and their effects on renal cells can be listed as
follows; I-decrease of Adenosine triphosphate
(ATP) and as a consequence increase of Ca++ in
cytosol, II- loss of superoxide dismutase and
superoxide radical accumulation [2, 12].
Renal ischemia results in a rapid decrease of
ATP in tissue and rise in adenosine, inosine and
hypoxanthine. The accumulation of hypo-
xanthine during renal ischemia might be related
to the generation of highly reactive oxygen
species, since the enzymatic conversion of
hypoxanthine to xanthine by xanthine oxidase
generates superoxide radical. Oxygen free radi-
cals produce damage to the renal arteriolar
endothelial cells, glomerular mesangical cells,
and renal tubular epithelial cells [2, 12, 15].
Allopurinol and its metabolite oxypurinol which
inhibit xanthine oxidase have a protective role
against ARF occuring after renal ischemia [13,
14, 28]. A major protective mechanism against
reactive oxygen metabolites is also the anti-
oxidant enzyme cascade. It is reported that,
exogenous antioxidant enzyme administration
can attenuated the renal injuries in many studies
[12, 13, 15].
It is suggested that, bilirubin and bile salts
impair cellular metabolism and membrane
transport systems. The changes in ultrastructure
of glomeruler endothelial cells in Jaundice are
similar to the effects of anoxia. Presumably these
cells are especially sensitive to a small fall in
oxygen delivery [1-3]. Decrease in renal blood
flow and the redistribution of blood flow from
the outer to the inner cortex is seen in bile duct
ligated animal models [1, 3, 4, 9]. The profound
disturbances of body-fluid compartments and
extracellular and intracellular volume depletion
have been detected in obstructive jaundice [10].
It is reported that, in non-jaundiced volume
depleted rats, decrease in antioxidant enzyme
activities has been detected [16]. This observa-
tion suggested us that the volume depletion seen
in obstructive jaundice may be important in the
oxidant injury of kidneys.
In obstructive jaundice, endotoxin is found in
50- 75 % of patients as detected by the Limulus-
Lisate assay. An increase in release of cathe-
colamines caused by endotoxemia is associated
with a decrease in the renal blood flow. The
development of disseminated intravascular coa-
gulation (DIC) and renal fibrin deposistion are
also claimed to be the cause of renal failure in
obstructive jaundice. Some experimental sepsis
and endotoxin studies have shown accumulation
of leucocytes within glomeruli and tubules.
Indeed, activated leucocytes secrete proteases
and oxygen free radicals which may damage the
glomerular basement membrane. Endotoxin,
which may cause elevation in XOD activity and
the stimulation of the lipoxygenetic pathway of
arachidonic acid metabolism, also increases the
secretion of oxygen free radicals [2-4, 12,17, 18].
Moreover, it is claimed that dimethylthio-
urea and superoxide dismutase which are used392 S. YOCEYAR et al.
in endotoxemia induced ARF may reduce renal
demage [29]. It is suggested that, endotoxin,
present in the peripheral circulation may play an
important role in the development of ARF by
enhancing the liberation of reactive oxygen
species in jaundiced patients.
In our study, when C and OJ groups are
compared with both of the ischemia/reperfu-
sion groups in the 3-day post ischemic kidneys,
the significant increase in XOD activities were
observed (p < 0,05). Furthermore, the XOD activ-
ities of OJ+RI group were significantly higher
than those of RI group (p < 0,05).
Changes in liver antioxidant defenses were
searched for in the bile duct ligated rats and
a reduction in vitamin E and selenium was
observed. In addition, significant decreases in
the activities of catalase, glutathione peroxidase
and glutathione reductase and an increase in
lipid peroxidation were found. The importance
of oxidant injury was emphasized in obstructive
jaundice [19]. In addition, it is claimed that a
large amount of reactive oxygen species were
produced by polymorphonuclear leucocytes in
deeply jaundiced patients these agents may
play a role in multi organ damage [19]. In a
study, it was shown that the renal damage
caused by gentamycin induced ROS production
was more serious because of marked produc-
tion of oxydants in jaundiced [20]. In another
experimental study, the functional role of
intrinsic antioxidant enzymes in renal oxidant
injury was assessed and the reduction in
enzymes activities were observed in 3-day post
ischemic rats, but the elevations of activities
were detected in 6-day post-ischemic rats [30].
Southard et al. [31] had also shown that XOD
activities increased by degrees on day 3 and
day 5 in kidney ischemia. On the contrary a
decrease was observed in SOD activities on the
same days. It been suggested that, the increase
in XOD/SOD ratio may indicate oxygen de-
rived free radical damage.
In our study, in OJ+RI and RI groups, SOD
and GSH-Px (whole blood) values were signifi-
cantly lower than that of control and OJ groups
on the post ischemic third day (p < 0,05). Despite
the lower enzyme values in jaundiced groups,
the difference was not significant when com-
pared to non-jaundiced groups. The catalase
levels were not significant between the jaun-
diced and non-jaundiced groups.
Our results of XOD have suggested that, the
generation of superoxide radical might be more
pronounced in jaundiced rats. If the decrease in
the SOD and GSH-Px activities should also be
taken into consideration, oxidant injury may
also play an important role in the development
of ARF seen in obstructive jaundice. The impor-
tance of free radical injury in obstructive jaun-
dice clearly need further investigations.
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COMMENTARY
Renal failure in patients with obstructive jaun-
dice typically occurs when cholangitis is present
or in the postoperative phase. Although histor-
ical data suggests that there is a high incidence,
recent clinical experience suggests that it is now
much less of a problem. Renal failure in patients
presenting with cholangitis may be prevented
by a adequate resuscitation combined with early
endoscopic drainage. Patients undergoing sur-
gery for obstructive jaundice frequently now
undergo preoperative endoscopic drainage, and
this with full hydration over the perioperative
period are likely to be important factors in the
protection of renal function.
Despite its reducing incidence renal failure
when it does occur is associated with a high
mortality. The mechanism accounting for the
renal impairment remains obscure. The findings
of this paper suggest that oxygen free radicals
are important mediators in the acute tubular
necrosis. A word of caution should be raised
though because this study used an ischaemic
renal reperfusion model in the presence of
obstructive jaundice a situation which may not
be analogous to the situation in a jaundiced
patient even one undergoing surgery. Never-
theless if oxygen free radicals do have an
important pathophysiological role then new
therapeutic strategies may be developed.
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